Background: Daclizumab high-yield process (DAC HYP) is a humanized anti-CD25 monoclonal antibody that inhibits high-affinity interleukin-2 receptor signaling. Objective: The objective of this paper is to assess the proportion of DAC HYP-versus placebo-treated patients who were free from disease activity. Methods: SELECT was a randomized, double-blind, multicenter study of DAC HYP 150 mg or 300 mg, or placebo, administered subcutaneously every four weeks for 52 weeks. In this post-hoc analysis of the SELECT trial, 'disease-activity free' was defined as completion through week 52 without relapses or confirmed three-month disability progression (clinical), with no new/newly enlarging T2-hyperintense lesions and no new gadolinium-enhancing lesions at the week 52 scan (radiological). Primary analyses were based on logistic regression controlling for baseline characteristics. Results: More DAC HYP-treated (39%, n = 156) versus placebo-treated patients (11%, n = 22) were disease-activity free (odds ratio (95% confidence interval), 6.18 (3.71-10.32); p < 0.0001). Furthermore, 77% and 48% of DAC HYPtreated patients were free from clinical or radiological disease activity, respectively, compared with 60% and 18% of placebo-treated patients.
Introduction
Multiple sclerosis (MS) is the most prevalent cause of nontraumatic disability in young adults in Europe and North America, with an estimated median global incidence of 2.5 per 100,000. 1, 2 The majority of patients with MS (~85%) present with the primary phase termed relapsing-remitting MS (RRMS). 3 Within 25 years of onset, approximately 90% of RRMS cases enter the secondary progressive phase (SPMS), which is characterized by an irreversible neurological decline, severe disability, and deterioration in quality of life. [2] [3] [4] Prevention of the transition to SPMS and achievement of a disease-activity-free status is therefore a key therapeutic goal. 3, 5 The development of targeted biological therapies has made remission/freedom from disease activity, as defined by clinical MS activity and standard cranial magnetic resonance imaging (MRI), [5] [6] [7] [8] an achievable goal for MS. 5, 6 Thus, the therapeutic paradigm has shifted from managing symptoms to treating with mechanism-based diseasemodifying therapies. 5, 6 Daclizumab is a humanized monoclonal antibody that binds the α-subunit (CD25) of the interleukin-2 receptor (IL-2R) and inhibits signaling through the high-affinity IL-2R isoform. 9 In the phase 2 CHOICE study, daclizumab used in combination with interferon beta (IFNβ) was well tolerated and reduced MS activity in patients previously refractory to IFNβ alone. 10 The subsequent SELECT study was conducted to determine the safety and efficacy of daclizumab high-yield process (DAC HYP) monotherapy in patients with RRMS. 11 The SELECT study randomized patients to treatment with subcutaneous DAC HYP 150 mg, DAC HYP 300 mg or placebo every four weeks for 52 weeks. DAC HYP monotherapy reduced the annualized relapse rate and new brain MRI lesion activity, and slowed disability progression, in patients with RRMS compared with placebo. 11 This paper reports an analysis of data from the SELECT study to determine if patients treated with DAC HYP are more likely to be free of MS disease activity at one year compared with placebo.
Materials and methods
Full details of the methods of SELECT have been published previously. 11 Briefly, 621 patients with RRMS (McDonald criteria, 2005), 12 aged 18-55 years and with a baseline Expanded Disability Status Scale (EDSS) 13 score of 0-5 were randomized to treatment. Patients were required to have had at least one confirmed MS relapse within 12 months prior to randomization or one new gadolinium-enhancing (Gd + ) lesion on brain MRI performed within six weeks prior to randomization. Patients with MS of any disease courses other than RRMS were excluded.
The primary efficacy endpoint was the annualized relapse rate (ARR). The current post-hoc analysis evaluated the potential of DAC HYP to increase the proportion of patients with RRMS who were free of disease activity at one year versus placebo. MS disease-activity free was defined by a composite of completion of the study through week 52 without relapses or confirmed disability progression, no new or newly enlarging T2-hyperintense lesions at week 52, and no new Gd + lesions at week 52. 5, [14] [15] [16] Patients who withdrew from the study prior to week 52 for any reason were not counted as being disease-activity free even when there was no disease activity documented prior to withdrawal. Confirmed disability progression was defined as a one-point increase in EDSS score for patients with baseline EDSS score ≥1.0 or a 1.5-point increase for patients with a baseline EDSS score of 0 that was sustained for 12 weeks. The proportion of patients who fulfilled this composite requirement, as well as the individual requirements of the composite or a clinical alone (no relapses and no confirmed disability progression) and radiological alone composite (no new Gd + lesions and no new or newly enlarging T2-hyperintense lesions at week 52) were assessed. A logistic regression model adjusting for baseline disease status and age was used to analyze the proportions of DAC HYP-treated and placebo-treated patients free from disease activity. Specifically, the covariates included in the model included age (≤35 or >35 years), baseline EDSS score (≤2.5 or >2.5), the number of baseline Gd + lesions, the number of relapses in one year prior to study entry and the baseline number of T2 lesions. The effects of baseline characteristics were further explored by repeating the primary analysis on subgroups of patients based on the following dichotomous categories: age (≤35 or >35 years), baseline EDSS score (≤2.5 or >2.5), baseline Gd + lesions (present or absent), number of relapses in one year prior to study entry (≤1 or >1), baseline T2 lesions (≤median or >median) and nonhighly active RRMS versus highly active RRMS (defined as two or more relapses in the year prior to randomization and one or more Gd + lesion at baseline).
Logistic regression models were also used to analyze the radiological components of disease activity at week 52, adjusting for age (≤35 or >35 years), baseline EDSS score (≤2.5 or >2.5), the number of relapses in one year prior to study entry, and the baseline number of lesions. Age and EDSS cut-offs were the median values at baseline. The clinical components of disease activity were monitored on a frequent or ongoing basis throughout the study; therefore, Kaplan-Meier methods and a Cox proportional hazards model were used for the analysis of these outcomes. The proportion of patients free of clinical activity was estimated using the Kaplan-Meier product-limit estimator, as were the proportions of patients free of each component of clinical activity. The Cox model for disability progression adjusted for age (≤35 or >35 years) and baseline EDSS score (≤2.5 or >2.5). In addition to these covariates, the models for freedom from relapse and composite clinical activity adjusted for the number of relapses in one year prior to study entry. No statistical adjustments for multiple comparisons were made.
Disease activity was also analyzed by six-month time period (weeks 0-24 and weeks 24-52). Disease-activity-free status in Period 1 (weeks 0-24) was defined as no new Gd + lesions and no new/newly enlarging T2 lesions on the week 24 scan, no relapses in weeks 0-24, and no disability progression prior to week 24. In Period 2 (weeks 24-52), disease-activity-free status was defined as no new Gd + lesions at week 52, no new/newly enlarging T2 lesions at week 52 compared with week 24, and no relapses or disability progression during Period 2.
This post-hoc analysis of disease activity and its components was conducted in all 600 patients in the intention-to-treat (ITT) population, consisting of the 621 patients enrolled in the study, except for 21 patients from a single study site who were prospectively excluded from the ITT population because of systematic misdosing at the site. The analysis by six-month time period was restricted to patients in the ITT population who completed the treatment period of the study and had interpretable MRI evaluations at baseline, week 24, and week 52.
Results
Study population demographics and baseline characteristics have been previously reported. 11 Prior to enrollment, most patients were MS treatment naive and the mean baseline EDSS score was 2.7. The mean number of Gd + lesions was 1.8 and the number of T2-hyperintense lesions was 40 at baseline.
A greater proportion of DAC HYP-treated patients were free of disease activity compared with placebo ( Figure 1 ; 39% (n = 156) vs 11% (n = 22), respectively; adjusted odds ratio (OR) (95% confidence interval (CI)), 6.18 (3.71-10.32); p < 0.0001). Furthermore, each DAC HYP dose group individually demonstrated a significantly greater proportion of patients free of disease activity compared with placebo ( Figure 1 ; DAC HYP 150 mg: 36% (n = 73), adjusted OR (95% CI) 6.31 (3.59-11.11), p < 0.0001; DAC HYP 300 mg: 41% (n = 83), adjusted OR (95% CI) 6.07 (3.49-10.56), p < 0.0001). There was no statistical difference between the proportion of patients achieving diseaseactivity-free status in the DAC HYP 150 mg group versus the DAC HYP 300 mg group (p = 0.8653).
Freedom from the composite measure of clinical disease activity was achieved by 77% of all DAC HYP-treated patients (Figure 2 ; adjusted risk reduction (RR) (95% CI) 51% (34%-64%); p < 0.0001) compared with 60% of placebo-treated patients. Additionally, equal proportions of patients (77%) in the individual DAC HYP dose groups met the clinical disease-activity-free criterion and achieved comparable reductions (Figure 2 ; DAC HYP 150 mg: adjusted RR (95% CI) 52% (30%-67%); DAC HYP 300 mg: 51% (29%-66%); p < 0.001 for both comparisons with placebo). Freedom from radiological disease activity was evident in 48% of DAC HYP patients (Figure 2 ; adjusted OR (95% CI) 5.35 (3.42-8.36); p < 0.0001) versus 18% of the placebo group. By individual DAC HYP group, 45% of DAC HYP 150 mg patients and 50% of DAC HYP 300 mg patients met the criteria for freedom from radiological activity, and the likelihood of achieving freedom from radiological disease activity was similar across DAC HYP groups (Figure 2 ; DAC HYP 150 mg: adjusted OR (95% CI) 5.60 (3.37-9.30) and DAC HYP 300 mg: 5.14 (3.14-8.42); p < 0.0001 for both comparisons with placebo).
DAC HYP efficacy over placebo was also evident on the individual elements of the composite measure of freedom from disease activity. A total of 80% of patients receiving DAC HYP were free of relapses compared with 64% of patients in the placebo group (Figure 2 ; p < 0.0001), representing a 53% adjusted RR of relapse (95% CI: 35%-66%). No significant differences in freedom from relapse were observed between the two DAC HYP dose groups (81% DAC HYP 150 mg vs 80% DAC HYP 300 mg, p = 0.7365). Furthermore, 7% of DAC HYPtreated patients experienced confirmed three-month disability progression (Figure 2 ; p = 0.015) compared with 13% in the placebo group, representing a 50% reduction (95% CI: 12%-71%) in confirmed disability progression. No significant differences in freedom from disability progression were observed between the two DAC HYP dose groups (94% DAC HYP 150 mg vs 92% DAC HYP 300 mg, p = 0.4799; RR (95% CI) 57% (12%-79%) vs 43% (-9% to 70%)).
MRI studies revealed that DAC HYP treatment significantly reduced the development of new brain lesions compared with placebo. As shown in Figure 2 , 48% of DAC HYP-treated patients had no new or newly enlarging T2-hyperintense lesions, whereas only 19% of patients in the placebo group lacked new or newly enlarging T2-hyperintense lesions (adjusted OR (95% CI) 4.76 (3.10-7.33); p < 0.0001). Reduction in T2 lesion activity was also comparable across both individual DAC HYP dose groups (45% DAC HYP 150 mg vs 51% DAC HYP 300 mg, p = 0.5006; adjusted OR (95% CI) 4.42 (2.73-7.16) vs 5.12 (3.17-8.27)). Similarly, there was no evidence of new Gd + lesions in 73% of DAC HYP-treated patients and 50% of patients in the placebo group (p < 0.0001; adjusted OR (95% CI) 3.10 (2.12-4.52)). No significant differences in freedom from Gd + -lesion activity were observed in the separate dose groups (74% DAC HYP 150 mg vs 72% DAC HYP 300 mg, p = 0.3334) compared with the total DAC HYP-treated population ( Figure  2) , and the likelihood of not developing new Gd + lesions was similar between the DAC HYP 150-mg and 300-mg Stratification of patients by demographics and disease characteristics at baseline revealed that a significantly higher proportion of DAC HYP-treated patients were free of disease activity versus placebo across all categories examined ( Table 1 ). The dose of DAC HYP treatment received (150 mg or 300 mg) did not notably alter the proportion of patients achieving freedom from disease activity in any of the subgroups investigated (Table 1) . When the analysis was stratified by time period, DAC HYP treatment was associated with being disease-activity free during weeks 0-24 (OR 3.75; 95% CI 2.39-5.89; p < 0.0001) and during weeks 24-52 (OR 5.83; 95% CI 3.71-9.17; p < 0.0001).
Discussion
In this post-hoc analysis of the SELECT study, the proportion of patients who experienced freedom from disease activity was almost four-fold greater in the DAC HYPtreated patients compared with the placebo group over one year of treatment. The results were robust and consistent across the dose groups and baseline disease characteristics. The impact of DAC HYP on this composite endpoint reflected comparable effects of treatment on both clinical and radiological endpoints. 11 Composite measures of disease activity are sometimes preferred over individual disease activity measures when they are able to more accurately measure the broader disease state over time. [17] [18] [19] In MS, clinical and MRI endpoints are frequently employed as measures of disease status, combining the sensitivity of MRI 5 with clinical assessments that provide a more direct assessment of the clinical impact of therapy. Studies evaluating the achievement of composite disease-activity-free status have become more common and may provide useful information for assessing the overall effectiveness of a treatment. [5] [6] [7] [8] [14] [15] [16] 20 Direct comparison of the current results with other analyses of treatment effects on the disease-activity-free endpoint is problematic because of differences in study populations, trial durations, study design, and in the level of MS disease activity in the control groups. 14, 15, 21, 22 Nevertheless, the current results are roughly comparable with the disease-activity-free findings reported at one year in the natalizumab AFFIRM trial, in which being disease-activity free at one year was approximately three times more likely in natalizumab-treated patients compared with placebo-treated patients (47% vs 15%). 8 One limitation of composite outcome measures in current MS trials is that results may sometimes be driven by an effect on only one of its individual components, particularly MRI-defined events. 23 As expected based on the higher sensitivity of MRI, absolute rates of disease-activity-free status in the current analysis were lower for both DAC HYP-and placebo-treated patients for MRI-defined measures compared with clinical measures of disease activity. In contrast, the relative impact of DAC HYP treatment on diseaseactivity-free status was higher for MRI measures (48% DAC HYP vs 18% placebo) compared to clinical measures (77% DAC HYP vs 60% placebo). This contrast between absolute rate of disease-activity freedom and the relative benefit of treatment is also apparent in the high disease activity subgroup. While a lower proportion of patients were disease-activity free on DAC HYP in the baseline highly active versus baseline nonhighly active subgroups (19% vs 43%), the relative impact of treatment was strongest in the highly active subgroup. DAC HYP-treated patients with highly active MS were more than six times as likely to have freedom from disease activity compared with placebotreated patients with highly active MS (19% vs 3%). Studies assessing long-term treatment efficacy have found that MRI-defined activity early in treatment is an important predictor of long-term response even in the absence of clinical activity. For example, in a 13-year longitudinal study of 30 patients, T2 lesions that appeared between baseline and year 2 strongly correlated with clinical disease severity at year 13. 24 Although the treatment effect of DAC HYP on becoming disease-activity free was stronger in months six to 12 compared with the first half of the treatment period, additional studies should be conducted to confirm the ability of DAC HYP to achieve disease-activity-free status in a wider MS population, and over a longer duration than SELECT.
The concept of freedom from disease activity is likely to evolve over time to encompass new clinical or radiological measures of disease, 8, 15 such as gray matter atrophy, cortical lesion burden, and spinal cord pathology. Nevertheless, the clinical and radiological parameters used in the current definition are the most widely used by clinicians at present to define MS disease activity and assess therapeutic efficacy. The observed efficacy of DAC HYP on these measures will need to be weighed against its risks, which may include an increase in infections, cutaneous adverse events, and hepatotoxicity, 11 when considering the overall benefit/ risk for an individual patient.
In conclusion, the current findings demonstrate that DAC HYP increases the numbers of MS patients who achieve freedom from disease activity as measured by a combination of lesion counts on serial cranial MRI and close clinical monitoring. These findings support further assessment of DAC HYP in MS. 
